would promote physical activity through both travel to and from and activity within the school and that the increased social activity associated with volunteer participation would promote continued long-term adherence (see Figure 1 ; Fried, Carlson, et al. ) . The EC program in Baltimore has also demonstrated an ability to recruit and attract older African American women, suggesting that this model of public health intervention could potentially address an at-risk group of older adults .
The EC program in Baltimore is the fi rst volunteer program to demonstrate short-term increases in physical activity Tan et al., 2006 ) . As previously published elsewhere, EC participants in a pilot trial of EC participation versus wait-listed controls reported increased physical activity over a 4-to 8-month follow-up, among the subgroup of participants who did not initially meet Healthy People 2010 physical activity goals ( Tan et al., 2006 ) . This report now seeks to determine if there were sustained increases in physical activity over time with continued participation in EC. To do this, we carefully evaluated a subset of the older African American women enrolled in EC, observed them longitudinally, and compared them with a matched group of African American women participating in a prospective observational cohort study in the same city, both with three years of follow-up.
Methods
This report analyzes data from the Baltimore EC Extended Pilot Study, a longitudinal observational study of EC volunteers in Baltimore, Maryland as compared with similar women from the Baltimore Women's Health and Aging Study (WHAS) cohorts I and II.
Volunteers were recruited for the Baltimore EC Extended Pilot Study over a two-year period. Eligibility requirements for EC included age ≥ 60 years, a Mini-Mental State Exami-nation (MMSE) score >24 (or 20 -23 among those with a high school education or less; Folstein, Folstein, & McHugh, 1975 ) , a minimum fi fth-grade reading level, and passing a criminal background check conducted by the Baltimore City Public School System. Recruitment strategies for the EC program's initial four years in Baltimore have been previously published ( Martinez et al., 2006 ) . Because 95% of the female EC volunteers aged 65 years and older were African American, we limited our analysis to African American women. Of the 112 EC participants of the Baltimore EC Extended Pilot Study, 84 were African American women aged 65 years or older. Of these 84 African American women, 13 women were excluded due to missing physical activity data, leaving 71 African American EC volunteers in this analysis, each participating in the study for three years (see Figure 2 ). WHAS I and II are longitudinal observational studies of older women in 12 ZIP code areas in eastern Baltimore City and County selected through a stratifi ed random sample from the Health Care Financing Administration Medicare eligibility fi les. From this sampling frame, WHAS I recruited 1,002 women aged 65 years and older who, at baseline in 1992, represented the one-third most disabled older women living in the community ( Guralnik, Fried, Simonsick, Kasper, & Lafferty, 1995 ) . WHAS II recruited 436 women initially from among the two-thirds least disabled women aged 70 -79 years in the community and who had a baseline MMSE score of 24 or greater ( Fried, Bandeen-Roche, Chaves, & Johnson, 2000 ) . Of the 1,438 combined WHAS I and II participants, there were 366 African American women. Four women were excluded for being older than age 86 years, 14 women were excluded for an MMSE score <20, and 12 women were excluded because they were nonambulatory. Of those remaining, 186 African American women in the combined sample were missing physical activity data and were excluded from this analysis, leaving 150 African American WHAS study participants within the same age range as the EC participants (see Figure 2 ). .
Details of data collection in the EC Pilot Trial and WHAS I and II have been previously published ( Fried et al., 2000 ; Fried, Ferrucci, Darer, Williamson, & Anderson, 2004 ; Guralnik et al., 1995 ; Martinez et al., 2006 ) . Standardized evaluations for follow-up were done every 6 months for WHAS I in the homes of participants, every 18 months for WHAS II in a fi eld center, and for EC in a fi eld center at baseline and the end of the academic school year. Measures in EC were standardized to WHAS. They included (a) self-reported age, race, education level, income, fatigue, physical activity, mobility diffi culty, and health status; (b) self-reports of a physician diagnosis of any of 14 chronic diseases; and (c) objective measures of strength, walking speed, MMSE, height, weight, frailty ( Bandeen-Roche et al., 2006 ; Fried et al., 2001 ) , and fatigue.
The primary outcome, physical activity, was measured at baseline and follow-up in all studies using the modifi ed Minnesota leisure time physical activity questionnaire (LTA) ( Taylor, Jacobs, & Schuker, 1978 ) , which measures the frequency and duration of participation, in the past two weeks, in physical activities that older adults are likely to engage in. We categorized these activities as walking, household chores (both outdoor and indoor), recreational activities (dancing and bowling), and exercise, and we calculated kilocalories expended per week based on the frequency of engagement, summarizing across activities ( Taylor et al., 1978 ) .
Analyses
An analysis, stratifi ed by study assignment, was done comparing the baseline characteristics of the African American women who participated for three years in EC ( n = 71) versus WHAS ( n = 150). Physical activities were compared between the two groups, analyzing change from baseline to follow-up in log kilocalories expended per week to account for a nonnormal distribution. Mean physical activity per week was calculated as kilocalories per week using the geometric mean, which is the arithmetic mean of the logarithmically transformed values. Geometric means were used to discount the effect of outliers on the measurement of central tendency. In the initial analysis, baseline and three-year follow-up data were analyzed using an unadjusted t test. This initial analysis did not utilize the interval data collected between the baseline evaluation and the fi nal three-year follow-up.
To utilize the multiple measurements of physical activity collected throughout the 36 months of follow-up, we developed an unadjusted GEE (generalized estimating equations) model of physical activity as measured by kilocalories per week as a function of WHAS versus EC membership. To account for differential distribution in observed baseline characteristics (including differences in age and baseline frailty) of participants enrolling in the two studies, we estimated the propensity score ( Rosenbaum & Rubin, 1983 ) for enrolling in EC as a function of the following observed baseline characteristics: age, education, income range, marital status, health status, osteoarthritis, stroke, MMSE, mobility disability (as measured by diffi culty walking several blocks), and frailty category (robust or prefrail) at baseline. When data were missing for items in the propensity score, an indicator variable was substituted for categorical and nominal variables, whereas mean data were substituted for continuous variables. This score has the property that among individuals with a common score value, those who enrolled in WHAS and those who enrolled in EC have the same distribution in all observed characteristics used in the propensity score. This property was checked empirically. After estimation of the score, we fi tted a regression model of the probability of being physically active at follow-up as a function of WHAS versus EC membership (common effect across propensity score classes), adjusting for the propensity score and time of follow-up, with a working correlation matrix to capture the anticipated correlation of physical activity across time for a given individual. The model was chosen based on the log likelihood and goodness of fi t confi rmed through marginal model plots. Results were stratifi ed by four subcategories: (a) walking for exercise, (b) household chores, (c) exercise, and (d) recreational activity, and were analyzed using an unadjusted t test, the unadjusted model, and the adjusted model.
Results
The characteristics of the older African American women who volunteered for WHAS or EC in Baltimore and were included in this analysis are shown in Table 1 . EC participants were 65 -86 years of age, with a mean age of 71 years, whereas WHAS participants were 65 -86 years of age, with a mean age of 73 years. EC volunteers tended on average to have completed more years of education but had a lower average MMSE score than the WHAS participants. A higher percentage of the EC participants reported having excellent or very good health than did those who were participants in WHAS.
Although African American women in EC reported higher mean physical activity at baseline as compared with the WHAS sample, this was not statistically signifi cant. The mean physical activity among EC participants increased from an average 760 kcals/wk at baseline to 860 kcals/wk at three years, whereas the mean physical activity among WHAS participants decreased from an average 550 kcals/wk at baseline to 490 kcals/wk at three years. This change in physical activity between the two groups was not statistically different in the initial analysis using an unadjusted t test to physical activity at the baseline evaluation to physical activity at the fi nal three-year follow-up (see Table 2 ). Further analyses using the unadjusted regression model demonstrated a statistically signifi cant increase in physical activity ( p < .01) (see Table 3 and Figure 3a ) . When using the propensity score to account for differences in baseline characteristics such as age and frailty, there was a statistically signifi cant increase in physical activity among EC volunteers as compared with WHAS participants over three years of follow-up ( p = .04, adjusted). When the model was adjusted using a propensity score, the baseline physical activity level for individuals with a 50th (median) percentile score was 420 kcals/wk for both the EC volunteers and the WHAS group. Among these individuals who had a median propensity score at baseline, EC volunteers were modeled to expend 670 kcals in physical activity per week at 36 months compared with 410 kcals/wk for the WHAS group. This amounted to a long-term increase of 250 kcals/wk for EC volunteers with a median propensity score and no meaningful change for those in WHAS (see Table 3 and Figure 3b ). There was no signifi cant difference in the propensity score between the two groups over time ( p = .15).
The results of the subgroup analyses showed a large degree of variability as measured by the standard deviation (see Table 2 ). Although there was statistically signifi cant increase in walking for exercise among EC participants compared with WHAS for the unadjusted t test ( p = .05), there was no statistical difference in the unadjusted model ( p = .06) and the adjusted model ( p = .25). Analyses for all other subgroup analyses showed no statistical signifi cance.
Discussion
The sustained increases in physical activity observed over three years in this cohort of older urban African American women enrolled in EC compared with a matched cohort not enrolled in EC suggest that a high-intensity senior service program that is designed as a health promotion intervention can lead to signifi cant long-term improvements in the level of physical activity in high-risk older adults. Although the unadjusted t test of physical activity before and after the intervention did not show a signifi cant difference in total physical activity between the two groups, this initial analysis utilized data collected only at the baseline evaluation and at the fi nal three-year follow-up. The unadjusted and adjusted regression models, which were able to utilize the interval data collected across the 36 months of follow-up, showed a statistically signifi cant increase in physical activity in the EC group as compared with the WHAS comparison group. An analysis using an unadjusted t test also showed a statistically signifi cant increase in walking for exercise in the EC group at three years, but there was no statistical difference for any of the subcategory analyses on subsequent analyses using the unadjusted or adjusted models. The variability observed in the results of the subgroup analyses, as measured by the standard deviation, suggests that this study was insuffi ciently powered to evaluate the hypothesis that walking would promote physical activity through both travel to and from and activity within the school. Further studies, with either a larger sample size or a direct measure walking, are needed to better understand how volunteer activities such as EC might increase physical activity. EC was designed to simultaneously improve psychosocial outcomes such as social support and self-effi cacy (see Figure 1 ). Consequently, positive effects in these areas may have played a role in retaining individuals in the program and may be a key component to the observed sustained increases in physical activity Tan et al., 2006 ) . A report by the Corporation for National and Community Service notes that year-to-year retention rises as volunteer time commitment rises ( Foster-Bey, Grimm, & Dietz, 2007 ) ; the EC program in Baltimore experienced only a 2% -3% dropout rate during any given school year and 80% returned from one year to the next . In addition to satisfaction from the roles that volunteers themselves selected and the potential impact on the children, we also hypothesize that the social relationships with students and other volunteers were a strong motivation for adherence to volunteering and promoted long-term retention. The volunteers also received small stipends, often as quarter-time AmeriCorps volunteers, that helped to offset costs associated with the intervention such as transportation and made volunteering a more viable option for fi nancially challenged older adults. This combination of a high rate of retention and a high-intensity commitment of 15 hr a week provided volunteers the potential for prolonged exposure to health-promoting behaviors. Notably, although the Ameri-Corps stipend required only 15 hr/week of activity in the schools, EC participants reported 10 additional hours a week on average or 25 hr/wk of volunteer time throughout the school year ( Fried, Carlson, et al. ) . This is consistent with a previously published report associating volunteer hours with increased life satisfaction in older volunteers ( Van Willigen, 2000 ) . The EC program in Baltimore is the fi rst volunteer program to demonstrate the potential for sustained increases in physical activity among older adult participants.
EC was designed to increase access to opportunities for national and community service to older adults who traditionally have had lower access to both volunteer opportunities and exercise interventions ( Eyler et al., 2002 ; Wilson, 2000 ) . The cohort of African American women described in this analysis have a history of limited fi nancial and educational opportunities and were between the ages of 20 and 41 years when the Supreme Court Decision Brown vs. Board of Education initiated the desegregation of all American public schools. Although African Americans are reported to be less likely to volunteer in secular settings ( USDL 07-0019, 2007 ) , they are also less likely to be asked to volunteer ( Wilson, 2000 ) . However, African Americans who do volunteer are more likely to engage in youth mentoring as one of their volunteer activities ( Foster-Bey, Dietz, & Grimm, 2006 ) , which suggests that intergenerational service programs like EC could appeal to these same individuals and communities which are at higher risk of physical inactivity.
Our study has several limitations. This was a comparison between two observational studies and involved a small sample size. Also, the older adults who enrolled in the Baltimore EC program had higher rates of physical activity at baseline as compared with the WHAS cohort, which was a random sample of older women in Baltimore City and the surrounding counties. Although the use of the propensity score mathematically balanced the EC and WHAS participants on observed baseline covariates to get a more accurate estimate of the effects of intervention, it is possible that the relationship between EC participation and physical activity was confounded by variables that were not measured and were therefore not included in the propensity score. The observed increase in physical activity could be caused by these unmeasured characteristics that are associated with EC participation, as volunteering has been associated, in observational studies, with lower mortality and disability rates and improved self-assessed health ( Gruenewald, Karlamangla, Greendale, Singer, & Seeman, 2007 ; Harris & Thoresen, 2005 -Howell, Hinterlong, Rozario, & Tang, 2003 ; Musick, Herzog, & House, 1999 ; Musick & Wilson, 2003 ; Oman, Thoresen, & McMahon, 1999 ; Shmotkin, Blumstein, & Modan, 2003 ) and could simply be a marker for other characteristics that are predictive of good health outcomes. For example, given that the EC program was designed to increase social support and self-effi cacy (see Figure 1 ) , it is possible that these psychosocial characteristics were higher in the EC group at baseline and that these differences at baseline or differences in motivations for entering the WHAS and EC studies contributed to the observed differences in physical activity at follow-up. There was also no direct observation of physical activity, and although the LTA has been used extensively in physical activity research, it was designed for men aged 40 -60 years and has been shown to underestimate physical activity in older adults ( Starling, Matthews, Ades, & Poehlman, 1999 ) . Because the great majority of EC participants were African American, and only older adult women were enrolled in WHAS, this analysis was limited to African American women. However, there is no reason to believe that the potential health benefi ts of the EC model are limited to this demographic group. Finally, although there is evidence of sustained, long-term increases in physical activity in the EC participants, an adequately powered randomized controlled trial is required to determine if EC participation increases physical activity and if increased walking activity is the mechanism for this increased physical activity. Such a trial has been funded by the National Institute on Aging to determine the potential for this model of civic engagement to contribute to a compression of the morbidity associated with aging, as postulated by the designers of the EC program .
Morrow
Increased access to national and community service may have the potential to address certain health disparities in African American and other disadvantaged older adults, while simultaneously addressing important social needs and supporting the creation of a sustainable intergenerational social contract ( Cassel, 2007 ) . Civic engagement has a long history in the United States ( De Tocqueville, 1945 ) , and approximately one quarter of Americans over the age of 65 years engage in some volunteer work ( USDL 07-0019, 2007 ). As the Baby Boom generation ages, America will face increased medical and retirement costs, and some have argued that we will need to choose between the needs of older adults and the funding of other priorities. Intergenerational national and community service programs such as EC demonstrate that there is a " third way, " through programs that simultaneously benefi t both old and young. There are concerns that older adult civic engagement can be framed in a context in which older adults are required to be economically "useful" to justify the cost of projected increases in need for older adult services ( Martinson & Minkler, 2006 ) . We instead propose that increased access to national and community service programs that have also been designed as health promotion interventions could serve as a sustainable component of a societywide physical activity promotion campaign. America must develop, implement, and evaluate meaningful roles for older adults that are sustainable and promote increased physical activity and social engagement before the Baby Boom generation begins to retire. The time to act is now.
